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ABSTRACT 


Internal performance data were obtained over a pressure rat o 
range from 2 to 30 and corrected secondary weight flow ratios ?ro«* 

2 to 8% with shrouds up to about 1/4 the total plug length and •. *t\ 
plug truncations of r00%, 75%, and 50% of full length plug. The 
results indicate thrust coefficients of 9^% and 97*5% were posslb ? 
at low and high pressure ratios, respectively, Half of a 7% thrust 
loss with 5C% plug was regained by removal of base and venting 
cavity. Individual thrust components are screen. 


"REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR." 


PERFORMANCE OF A IC^ COMICAL FLUC NOZZLE 
USING A TURBOJET GAS GENERATOR 

by Sid^.ef C. Huntley end NSc- Samanlch 

Lewis Nesearch Center 
Cleveland, OMo 

SUMMARY 

A 10° conical plug nozzle installed on a J05-GE-I3 turbojet engine 
was tested In an altitude facility at the MSA -Lewis Research Center. 
Cylindrical outer shroud-. w»r* used to adjust the ln:ernal expansion 
of the nozzle up to an Inters* expansion pressure ratio of 22. 

The i sen tropic thrust coefficient was found to be about 98 per--, r 
with moderate amounts of secondary air flow at pressure ration 
( ^5^3) and about 97.3 percent at high pressure ratios ( y 20), A 
V2 percent loss In thrust wa* er- cunte; ed at lo* pressure r atios wren 
the plug was truncated to sA of the original length* Truncating tha 
plug to i/2 of its original length resulted in a performance loss of 
2% at low pressure ratio. Removal 0 the cast on the 50% plug and 
venting the cavity with a percent or two of secondary air resisted In a 
i% gain in performance. Truncating tha plug with the longer shrouds 
did not have an adverse effect on thrust at high pressure ratios. Pump- 
ing characteristics were limited by a choking condition in the secondary 
exit with short shrouds or by primary flow attachment In the long shrouds. 

A breakdown of the Individual thrust components showed the plug 
(and base of truncated plugs) contr loured from 1 to 3 points toward 
thrust coefficient with short shrouds. Addition of the long shroud 
doubled the plug contribution and provided a similar increase In 
thrust from the increased pressure level on the pr ;mry nozzle boattall. 


INTRODUCTION 

The Lewis Research Center h«s initiated a flight research program 
to determine propulsion system Installation effects for a broad spectrum 
of a irbre* thing engine nozzles applicable to supersonic cruise flight. 

The program consists of flight testing nozzles In the subsonic, tranronlc 
and low supersonic speed ranges, using an F-ii06 aircraft with two 25-inch 
(63*50 cm) diameter underwing nacelles containing J85 turbojet engine*. 
Installation effects on thrust and drag of a research nozzle in one 
nacelle can be determined by compering performance data obtained during 
flight with a reference nozzle in the other nacelle. In order to 
achieve this comparison, the internal performance of each nozzle must 
first be defined. This report documents the internal performance of 
a 10° conical plug nozzle with several externa! cylindrical shrouds as 
run In the Propulsion System Laboratory (PSL) altitude cransaer of the 
Lewis Research Center. The performance was obtained with the nozzle 
attached to a simulated flight test nacelle assembly (including a J85 
turbojet engine). 


Internal thrust and pumping character I st Ics , sew typical pressure 
and temperature profiles along the plug, and some thrust component 
forces were obtained. Variations of secondary cooling air flow rates 
were made to determine the effect on performance. Plug truncations of 
3/** and 1/2 of the original length were also tested. In one Instance, 
the base cap was removed from the 50% plug to determine the effect on 
performance of venting the plug cavity with a small percentage of 
secondary air. The J85 Jurbojet engine was operated at rated engine 
speed with no afterburning to provide primary gas flow to the plug 
nozzle. A separate metered supply was used for secondary air flow. 
Maximum nozzle pressure ratios of 30 were obtained. 


APPARATUS AND PROCEDURE 
Insta I lat ion 

A schematic view and photograph of the research har<fc*are Insta * »a* Ion 
In the Propulsion Systems Laboratory altitude chamber are shown In figures 
I and 2. A view of the full-length plug extending into the exhaust duct 
Is shown In figure 3* A J85-GE-I3 turbojet engine with afterburner, 
modifieJ by removing its variable area nozzle, and used as a gas generator 
for the plug nozzle was mounted within a nacelle. The plug nozzle was 
attached to the afterburner outlet using a packing gland slip joint. 

The nacelle which also supported the plug nozzle and shroud assembly 
was mounted from a bed plate freely suspended by four flexure rods. 
Pressure forces acting on the engine, nozzle, and nacelle were transmitted 
to a load cell used to measure thrust. The load cell was water cooled 
to provide a constant temperature environment and eliminate errors In 
the cell due to heating of the test section during engine operation. A 
minimal amount of air was admitted to the test section of the altitude 
chamber through a bypass valve to reduce heating and keep the test 
section at an acceptable temperature level. A front bulkhead with a 
labyrinth seal around the Inlet section of the primary air venturi 
separated the engine Inlet air from the exhaust and provided a means of 
adjusting exhaust pressure independent of Inlet pressure. A flow 
deflector (not shown) was used to divert air leakage through the seal 
from impinging on the nacelle. Pressure measurements on either side 
of the labyrinth seal were used to obtain the seal force applied to the 
thrust load cell. 

Measured amounts of secondary nozzle air flow were supplied to a 
toroidal manifold and entered the front of the nacelle to cool the 
engine and primary nozzle. A rotary valve at the front of the rvSfce le 
was used to regulate upstream secondary air pressure to the same value 
as engine inlet air pressure. 


Plug Nozzle 

A photograph oT the plv<g expanded to its separate components Is 
shown in figure 4. Plug nozzle dimensions are shown in figure 5. The 
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10P halt-angle plug was tested w tS <• 17° half-angle primary conical 
nozzle which simulated an Iris-type nozzle with a flow area of 110 in. 2 
(710 cm 2 ). Both the plus and primary noz z e were aitecned to the 25 In. 
(63.50 cm) diameter nace s. Simulation o’* a translating shroud was 
achieved using five different e**-*nsior> tc *he nacelle (figure 6). 

Sections of the plug were removable and base caps were provided to 
truncate the plug at 75% and 5C X of its full length, for one test 
configuration the base cap for the 50% p’ug truncation was removed. 

The plug and primary nozzle attachment to the nacelle was accomplished 
using three equally spaced hollow struts (located at y ■ 0°, I20°ana 240°) 
which also provided passageways for instrumentation leads. (Symbols used 
in this report are defined in Appendix A). The passageways also provided 
a means of pressurizing the plug cavity with secondary air. With the 50% 
plug base cap removed, approximate y one to two percent of the seooriary 
air was estimated to flow into the cavity. 


Instrumentation 

Static pressures in the primary # !r venturi (station i) and total 
pressure and temperature ahead of time be mouth were used to obtain Inlet 
momentum and engine air flow. Metared engine fuel flow was added to 
engine air flow to obtain the primary nozzile gas flow. Primary nozzle 
gas temperature was assumed equa to the measured turbine discharge 
temperature (station 5). Primary nozzle gas total pressure (station 8) 
was assumed to be 9^.8% of the measured turbine discharge total pressure. 
This pressure joss w*s based on an engine calibration with a jet nozzle 
area of 110 in 2 (710 cm 2 ), (reference 1). 

Two standard ASflE sharp-edged orifices were used to determine the 
secondary nozzle air flow. Secondary nozzle total pressure was 
measured about one nacelle diameter ahead of the secondary air exit 
(f 0 gure 6a) . 

Static pressure taps and thermocouples were installed at the 
secondary exit, primary nozzle beat. tall «nq along the plug (figure 6). 

The longest shroud (x/L » 0.229) had internal static pressure taps and 
thermocouples, bach base cap used to truncate the plug was equipped 
with static pressure taps and thermocouples. When the 50% plug base 
cap was removed, an Interral pressure probe was used to obtain the 
cavity pressure. 


Procedure 

Engine inlet pressure was maintained at static sea level for all 
data except for that with the second shortest shroud (x/L • -.080) In 
which rase Inlet pressure corresponded to a flight rtach number of 0,9 
at an altitude of 25.00C ft, (7620 m). Engine Inlet air and secondary 
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air were supplied at a nominal temperature of 5J5°R 0'97°l0* The engine 
was operated at rated speed (16,500 rpm) to r a 1 I data, and (with no 
af terburning) provided a primary nozzle gas * o- o • * Ibs/set 
(19.96 kg/sec) at a temperature of I660°ft (922°K, . 

Performance character 1st Ics of each nozzle conf iguratfon, consisting 
of a particular plug truncation and shroud combination, ware Invest!?*, ed 
over a range of nozzle pressure ratios deemed apprcpr ia e tor the 
particular shroud length. 

The short shrouds (x/L * -,1B0, -.080, .008) were tested over a 
range of nozzle pressure ratios from 2 to 22; Itha ong lerwevdt 
(x/L ■ .132 and .229) up to 30. Nozzle pressure ratio teas varied by 
changing the altltud** pressure. At each setting of nozzle presur* 
ratio, the secondary air f low was adjusted to each of three value 
covering a nomJn^^range of 2 to 8 percent con* ted secondary w« gh ■ 
flow ratio, A/ fr , At each setting of secondary » r few,, the ‘ econd^ rv 
air pressure upstream of the rotary valve at the rv»c* * inlet wVv 
adjusted to the same value as eng He inlet air pr*>sure. 

Methods used for data reduction are discussed In appendix 9. 


RESULTS AND DISCUSSION 

Thrust coefficients, secondary total pressure ratios, and no?zie 
pressure ratios for each nozzle conf iguratlcn were plotted as a function 
of corrected secondary weight flow ratio, W /T*. Valuta of each ot 
these parameters were then Interpolated or extrapolated to obtain 
values at corrected secondary weight flow ratios of .02, .0*, .06, and 
.08. These values are represented in figures 7 through 2 by symbols 
for each shroud length. The symbols on these curves are therefore 
not necessarily actual data points. Actual data points were selected 
for figures 13 through 19. 


Thrust Characteristics 

Thrust characteristics of the plug nozzle are presented In figure 7 
through 9 as a function of nozzle pressure ratio for corrected secondary 
weight flow ratios of .02, .04, ,06, and .08. Thrust characteristics 
are presented for each of several shroud lengths and for each plug 
truncation, 100%, 75%, and 50%. Thrust coefficients are shewn In two 
forms, Isentroplc thrust coefficient, Fg/(Fip ♦ FIs), and primary thrust 
coefficient, Fg/Fip, where Fg is actual jet thrust, Fip Is the 1 fe»! 
thrust of the primary flow, and FIs H the Ideal thrust of the secondary 
flow. FIs was set to zero when the secondary total pressure was less 
than altitude pressure. The discussion of thrust in this report will 
only refer to the isentroplc thrust coefficient, Fg/Fip ♦ FIs). 

In general, thrust characteristics for each corrected secondary 
weight flow ratio and for each plug truncation each r bl ted similar trends. 
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With the 100% plug, isentroplc thrust coefficient was about 98 percent 
at a nozzle pressure ratio of 3 and decreased with Increasing nozfle 
pressure ratios with the short shroud> (x/l • .008 or less) indicating 
the nozzle flow was undergoing free expansion. As nozzle pressure 
increased the primary expansion regained attached to the plug for a 
greater distance downstream resulting In some benefit to thrust above 
that from free expansion alone. Secondary flow had no significant 
effect on jet thrust in these cases because it w»s free to expand 
outward. 

Truncating the plug to 75% of Its full length decreased the thrust 
level with the short shrouds about 1/2% (figs, 7 and 8 ). Truncating the 
plug to 50% (figure 9), however, resulted in a 2% loss in thrust coefficient 
at the low levels of nozzle pressure ratio. Removing t.he oa»e cap o* 
the 50% plug Increased the thrust coefficient about 1% above that wi't 
the base cap. The plug cavity was connected tc the secondary flow cnannel 
by 3 hollow supporting struts which were also used for instr jmentat ion 
leads. A flow area of about 2.7 in 2 {7.42 <nr) we* available in *hese 
struts to vent the cavity with secondary air. This t*ow area represents 
about 2% of the annulus area available fjr secondary air flow and 
consequently only a percent or 2 of the secondary air was estimated to 
vent the cavity. 

The addition of a long shroud (x/l * .IJ2 or .229) resulted In 
Internal expansion of the primary flow at high nczz.e pressure ratios. 

The one-dimens iona 1 "design pressure ratio" was Increased to 18 (with 
x/l ■ .132) and to 22 (with x/l ■ .229) which also Increased the isentroplc 
thrust coefficient at corresponding nozzle pressure ratios. Secondary 
flow had a significant effect on jet thrust resulting in an Increase In 
thrust with increase in flow from 2 to about 6%. Tne thrust performance 
peaked at about .975 with corrected secondary weight f'Jow ratios of 
about .06, 


Truncating the plug with the longer shrouds did not nave an adverse 
effect on thrust. 


Pumping Characteristics 

The pumping characteristics are presented in figures 10, II, and 
12 for corrected secondary weight flow ratios of .02, .04, .06„ and .08; 
for each of several shroud lengths; and, for plug truncations of 100%, 
75%, and 50%. In general, secondary total pressure ratio decreaseo to 
a limiting value as nozzle pressure ratio was increased. The limiting 
value of secondary total pressure rario was dependent on shroud length 
and corrected secondary weight flow ratio. Truncation of the plug had 
no effect on pumping characteristics. The effect of shroud length on 
pumping decreased with increasing corrected secondary weight flow ratio. 
The lowest secondary total pressure ratio was attained with the short 
shrouds (x/L * .008 and less) at low secondary weight flow. Attainment 
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of a limiting condition of pumping pressure *» tr «• *hor t *nr oud indicates 
the secondary exit became choked. The limiting ond t on of pumping 
with the long shroud* (x/L ■ ,132 and .229) Of *v t ed a* h gher levels 
of secondary total pressure ratio. This c di fetes the 

extension of the primary flew h»d effec^ve v * » ■ .< cc *he shroud 

and a decrease in altitude pressure Mas no Icnge tensed upstream c * 
the point of attachment. Data Mere n r obtained with the onge»t shroud 
(x/l • .229) Mhare the primary f low w*% not ’fctta'hed" to »he shroud. 

Typical p««ssure and temperature di sir i but tons «* tr» the longest 
shroud (x/L • .229) are presented in figure ), Ax si >tatlc pressure 
d srr but ons ere shown both along the shroud and v ong the p-lm-.y 
nozzle bcattall. Also shewn are the secondary to *1 p •*>jre (maasured 
at x/l * *“,b3 J 0, the altitude pressure and t ne axial »h cud temper a 1 ure 
distributions. Data are presented for three secondary a r f ew a* t*e 
lowest nozzle pressure ratio tested (figure I and at *ne next t * ■. 
(figure 13b). At a nozzle pressure ratio ct 5.a > g r }a), tne shroud 
static pressure Increased for a short, distance, then decreased and near 
the end of the shroud Increased again to approach the. a titude pressure. 
The shroud static pressure increased with Int - • r q secondary flow 
Indicating less expansion of the pr imary st nv*„ *j ** the dlf'erenc* 
between secondary total and wail static ore*- * 1 -» > e the secondary 

stream was accelerated. Primary norzle boa* > tat pressures agreed 
with the shroud statics. An Increase In nc < • p enre ratio to . 1 ) 

(fig. I Jb) did not change the pressure dlsr. to'u"Jon» r, 'he upstream 
ha Sf of the shroud but s ignlf Icantly affected the f cm near the shroud 
exit (station 9) because altitude pressure was re stive ewer. Further 
Increases In noz/le pressure ratio did not allt*- th p • -ure distribution 
along the shroud. Shroud temperatures ii n eaied m h Increasing dls an<' e 
from the nozzle throat but the general level of temperatures decreased 
with Increasing secondary flow. 


Pressure and Temperature D'sf.r Ibutf «u>n> on Plug 

Some typical pressure and temperature dlst? 'bunion* on the plug 
are presented In figures I A and 15 for several nozzle pressure ratios 
and plug truncations. AD*© presented are the corresponding altitude 
pressures and average base pressure and temperature «or the truncated 
plugs. The expansion of static pressure on the ptog from critical 
nozzle pressure to altitude pressure occurred within a relatively shor 
distance downstream of the nozzle throat. At a nozzle pressure ratio 
of 2.1, plug pressure remained relatively constant wltn a slight over- 
expansion near the nozzle throat and a gradual increase to altitude 
pressure. As nozzle pressure ratio increased to 3.3 (or altitude 
pressure decreased) overexpans ions and recomprass tons resulted In large 
pressure fluctuations along the plug. With a fur . her increase in nozzle 
pressure ratio the overexpans tons and recompress tons appeared to move 
downstream on the plug and diminish In magnitude and frequency. Temperatures 
along the plug length remained near primary nozzle temperature with som* 
evidence of reducing only at nozzle pressure ratios greater than 5. At 
the high values of nozzle pressure ratio the skin temperature appeared to 
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reflect the static temperature o* the prlme*y flow, That 1$, a rite In 
static pressure Indicative of a reduction in primary gas velocity result* 

In Increase In p’.q temperature, The pressure and temperature distri- 
butions along the plug were no* a' ected by pluj truncation. Furthermore, 
base pressure and temperature appeared to reflect plug pressure at the 
point of truncation. With tne long shroud and % h gS nozzle pressure 
ratio (2$ ©.* greater) the expansion within the langth of the shroud 
(x/l • .22S) *ppe.» red to to 1 low a smooth expansion with recomp.’ *i t ion 
occurring at the shroud exit. 

Pressure surveys along the plug were made at several annular locatior^. 
Seme typical differences In cl rcum 4 e- entla ; pressure are snewr. In f gure IS. 
The deviation In clrc-jrr ferentl s 5 pressure appeared to rasult pr mar !y 
from strut wa«e*. 


Thrust Comoonents 

The contr bunion tc Jet thrust fro* both prtms y and secondary jt 
flow, ca ; cu ated b/ tne method discussed In Append x 8 Oats deduct or. 

It presented In figure If. Tne sum c pr as., y and secondary thrust dl*<d* 
by the Isentroplc thrust of both p Imtry *nd seconds y f ows » * shewn a 
a function of nozzle pressure ratio for data ob mined with the full a" 
p ug. a moderate amount ct second*.- / alrt o» and with the several nrov 
lengths. The primary and secondary thrust contribution to jet thrust 
displays the typical deci/e**e In thrust wi*h increasing nozz e pressure 
ratio resulting from 'osses assoc «ted with free expansion. As expected, 
shroud length had no eftect on the primary and seconder/ thrust referenced 
to altitude pressure. Althougn not shown, the primary and secondary 
thrust was also Independent c* plug truncation, Tne low value of calculated 
thrust at « nozz e pressure ratio of 2 resulted from the primary tnrust 
calcu’etlon and occurred with all plug truncations at l-v nozzle pressure 
ratios. Vnls problem was attributed to a change In primary nozz-e 
characteristics at near sonic flow not accounted for In the calculations. 

Tne < elculated jet tnrust contribution from tne plug and base ot 
truncated plugs Is prevented in figure 17 es a function of nozzle pressu. 
ratio. The Individual contribution of base thrust is also *.hown tor th» 
truncated plugs. Tne sum of plug and base thrust increased rapidly at 
low p -assure ratios up tc a pressure ratio of about 6 after which the 
plug forces increased at a constant lower rate. Because the plug 
contribution was considered to start from the “throat" of the primary 
nozzle, the va'lues of plug thrust at ow pressure ratio are also subject 
♦n change In primary nozzle characteristics at near so'.lc flows. With 
the snort shrouds (x/L * .008 and less) t.he plug contributed from about 
I to 3 points toward the Isentrop’c thrust coefficient during operation 
above nozzle pressure ratios of about 6. Extending the shroud behind 
the primary e.x’t (x/L ■ ,132 and .229) resulted In contr (but Ions up to 
double that of the short shrouds. This Increase In thrust Is attributed 
to more complete expansion along the plug with added guidance of flow 
through tne shrouds. Ease thrust was negllgioie with the /p% plug ano 
generally created a drag force of about. 1/2 point with the plug 





truncation 


The primary nozzle boattail thrust is present* fn figure 18 for 
the several shrouds with the 100% plug. With the two shortest shrouds 
(x/L * -.120 and -.080) the boattail remained at altitude pressure 
over the range of nozzle pressure ratios tested and consequently there 
was no force or drag contribution to jet thrust. Fxtending the shroud 
to the primary exit plane (x/L ■ .008) created a drag on the boattail 
of about a 1/2 point. While not calculated, it is anticipated this 
drag would vary as a function of secondary flow. The data presented 
are for a nominal amount of secondary flow and consequently represents 
near optimum jet thrust conditions. Further extensions of the shroud 
(x/L * .1.32 and .229) resulted In a major addition to the jet thrust 
similar to that from the plug at high nozzle pressure ratios. As 
previously shown for the longest shroud (figure 13 ), boattail static 
pressures remained essentially constant with increasing nozzle pressure 
ratio over the range tested. The increase in boattail thrust with 
increasing nozzle pressure ratio consequently ret Sects the reduction 
in altitude pressure. 

The total of the individual calculated contributions to jet thrust 
are compared with the actual jet thrust calculated from load cell measure- 
ments in figure 19. The ratio of calculated to actual jet thrust is 
presented as a function of nozzle pressure ratio for the several shrouds 
and plug truncations. The calculated thrust is generally within 1/2 
percent of actual thrust for all cases above nozzle pressure ratios of 
4. As nozzle pressure ratio decreased below 4 S the accuracy of calculated 
thrust decreased rapidly. This rapid decrease in thrust is attributed 
to a change in primary nozzle characteristics at near sonic velocities 
not accounted for In the calculation methods used In this report. 


CONCLUDING REMARKS 

1. An isentropic thrust coefficient of 98 percent was achieved 

with moderate amounts of secondary weight flow at low pressure ratios 
( 3) using a short cylindrical shroud (x/L » .008). The addition 

of a longer shroud (x/L * .2 29) resulted in a thrust coefficient of 
97.5 percent at high pressure ratios ( > 20). 

2. A 1/2 percent loss in thrust coefficient was encountered at 
low pressure ratio when the plug was truncated to 3/4 of the original 
length. Truncating the plug to 1/2 of its original length resulted 
in a 2% loss in thrust coefficient with short shrouds at low pressure 
ratio. Removing the base cap of the 5 0% plug and venting with 
(possibly a percent or two) secondary air resulted in a 1% gain in 
thrust coefficient with a short shroud at low pressure ratio. Truncat- 
ing the plug with the bjtger shrouds did not have an adverse effect on 
thrust at high pressure ratios. 
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3. Pumping characteristics of the plug nozzle Mere limited by 
a choking condition in the secondary exit with short shrouds or by 
primary flow attachment in the long shrouds. Truncating the plug 
had no effect on pumping characteristics. 

k, A breakdown of the individual thrust components showed the 
plug (and base of truncated plugs) contributed from I to 3 points 
towards thrust coefficient with short shrouds. Addition of the long 
shroud doubled the plug contribution and provided a s Iml lan^J ncrease 
in thrust from the increased pressure level on the primary nozzle 
boattai I . 


APPENDIX A 


Symbols 


d - nacelle diameter 

D - diameter 

Eg - actual jet thrust 

Flp - Isentroplc primary thrust 

Fis - isentroplc secondary thrust 

°K - Kelvin (temperature) 

L - length of full-length plug from nozzle throat 

Pbt - primary nozzle boattail static pressure 

po - simulated altitude static pressure 

pp - plug static pressure 

psh - shroud static pressure 

ft8 - primary nozzle total pressure 

pts - secondary total pressure 

°R - Rankine (temperature) 

R - radius 

T8 - primary nozzle total temperature 
Tp - plug skin temperature 
Tsh - shroud skin temperature 
x - distance downstream from nozzle throat 
7^- total temperature ratio of secondary air to primary gas 
(p - angular location clockwise from top looking upstream 
Id - weight flow ratio of secondary air to primary gas 


ID 




APPENDIX 0 - OATA REDUCTION 


Experimental Data 


The primary nozzle gas flow was obtained using calibrated fuel 
flow meters and a calibrated air venturi. 

Secondary air total temperature at the secondary exit (figure 6) 
was calculated from continuity using the measured mass flow, total 
pressure, static pressure, and flow area. A constant ratio of specific 
heats of 1.4 was assumed. 

Actual jet thrust, Ff, was calculated from the load cell measure- 
ments corrected for tare forces (reference I). Tare forces consisting 
of inlet air momentum and pressure forces were obtained from prior 
calibrations of the installation. The ideal jet thrust of each stream 
was calculated from the measured mass flow rate expanded i sentropica I ly 
from the measured total pressure to altitude pressure (reference 2). 

The ideal secondary jet thrust was set to zero If the secondary total 
pressure was less than altitude pressure. Review of the data showed 
that this occurred at only a few points at low secondary air flow 
rates and at low nozzle pressure ratios. An isentropic thrust coefficient 
was obtained as the ratio of the actual jet thrust to the sum of the 
Ideal jet thrust of both primary and secondary flows. A primary thrust 
coefficient was also obtained as the ratio of actual jet thrust to the 
Ideal jet thrust of the primary gas flow. 

The thrust coefficients, secondary totH pressure ratio, and the 
nozzle pressure ratio for each nozzle configuration we re j ) lotted as a 
function of corrected secondary weight flow ratio H T'f* . Values of 
each of these parameters were then interpolated or extrapolated to 
obtain parameters at corrected secondary weight flow ratios of 0.02, 

.04, .06, and .08. These values are represented in figures 7 through 
12 by symbols for each shroud length. The symbols on these curves 
are therefore not necessarily actual data points. Actual data points 
were selected for figures 13 through 19. 


Computed Thrust Components 

individual contributions to jet thrust were calculated for some 
typical actual data. Nozzle dimensions (fig. 5) obtained at room temperature 
were corrected for thermal expansion by using a nominal temperature of 
1 660°R for the plug and primary nozzle and a nominal temperature 
of 730°R (406°K) for the shrouds. Because the plug and primary nozzle 
were both attached to the three struts, the axial thermal growth of 
both were assumed to be the same. Boattail drag resulting from the 
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thin »hrouds (about 1% of the total nacelle area) was insignificant for 
these static tests. The remaining nacelle area was appropriately divided 
between secondary exit flow area, primary nozzle boattail area, axial 
component of primary exit flow area, plug area and plug base area. 

Location of the position of the primary throat on the plug was determined 
from interpolation of plug pressure as a function of axial location (see 
figure 14). Axial location of pressure taps were determined at room 
temperature but under actual test conditions critical pressure ratio on 
the plug occurred slightly downstream of the "room temperature" throat. 

An axial location of x/L - 0.01 was established as the position of the 
primary throat during tests. 

The contribution to jet thrust from primary gas flow was calculated 
assuming critical flow and using the gas properties, measured mass flow 
and measured temperature to obtain the total momentum at the nozzle 
throat. The straam was assumed to follow the 10° half-angle plug and 
a correction was applied to the total momentum to obtain the axial 
component. The primary thrust contribution was then obtained by sub- 
tracting the product of altitude pressure and primary exit flow area 
(normal to axis). 

The contribution to jet thrust from secondary air flow was calculated 
using a constant ratio of specific heats of 1.4, measured secondary exit 
static pressure, measured secondary total pressure, ard the secondary 
exit flow area. The secondary thrust contribution was then obtained by 
subtracting the product of altitude pressure and secondary exit flow area. 


The thrust contribution of the plug and base of truncated plugs 
were calculated by the difference between plug pressures (or base 
pressures) and altitude pressure integrated over the appropriate area. 
Thrust contribution of the primary nozzle boattail was obtained in a 
s imi lar manner. 


Each of the calculated contributions 
isentropic thrust of both the primary and 
the calculated thrust was also divided by 
comparative purposes. 


were normalized to the sum of 
secondary flows. The sum of 
the actual jet thrust for 
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